ABSTRACT
INTRODUCTION
U.S. Navy ships utilize numerous communications systems in the VHF -UHF frequency range (30 MHz -450 MHz) to satisfy multi-mission and joint operational requirements.
One of the primary limitations to increasing communications on Navy ships is Electromagnetic Interference (EMI).
Each new capability often comes with a new antenna. The topside space available to locate the new antenna is limited. The new location is often to a place on a mast with multiple tiers. The signals emitted from the new antennas can often interfere with those signals received by radios on existing antennas. Transmitted signals from the legacy antennas can also interfere with the new newly integrated radios. Signals that rapidly change frequency introduce a source of interference that serves to increase the background noise level on the ship.
The EMI that occurs is due to limited top-side antenna location real estate (see Figure 1 ). Each bubble in the figure is an antenna, and the red and yellow highlights indicate where EMI is severe and / or moderate. It is also affected by the wide-band properties of the newer frequency hopping radios, which have shown EMIlimitations, that have reduced effective range by up to 90%. As result, shipboard communications must be operated in a fixed-tuned mode for most ship radios. Fixed-tune operation significantly increases the ship vulnerability to enemy direction finding and jamming in the littoral environment. Additionally, the amphibious ship class (i.e., LPD-17, LHA-6, LHD-l) VHF tactical radios are all required to operate in a frequency hopping mode in accordance with U.S. Marine Corps doctrine. Amphibious battle groups also consist of escort ships (i.e., DDO 51, CO 47) in addition to the amphibious ships. These escort ships must be interoperable and therefore are also EMI-limited while frequency hopping. Another consideration in ship topside design is the effect antennas have on radar crosssection.
Legacy antennas used for VHF / UHF communications can number from 18 to over 40 topside antennas resulting in unacceptable increases in the radar cross section.
The U.S. Navy has for decades sought techniques to reduce the number of topside antennas. Each antenna is a source of backscatter from enemy radar. The increase in radar cross section increases the ship vulnerability. Each pound of weight above the ship's center of gravity forces the addition of several pounds of ballast for the sake of stability. Using a few antennas to transmit or receive most of the signals would have the advantages of reducing weight and radar cross section as well as localizing EM!. Once the sources of EMI are localized, techniques can be introduced to mitigate their mutual harmful influence.
To accomplish this goal the military services have purchased multi-couplers. These devices filter and combine multiple high-power signals and couple the resulting signals to an antenna. Often the same antenna is used for transmit and receive purposes. Currently the U.S. Navy uses multi-couplers in the 30 to 88 MHz range (TD-1456) and in the 225 to 400 MHz range (OA-9277). The TD-1456, originally developed for vehicles in the U.S. Army, can combine four transmit (up to 60 W) or receive signals onto one antenna [Reference Wedaman, 1992] The signal emerges from the transmitter and goes to a hopping filter. A control word must come from the radio to regulate the frequency of the hopping filter.
The effect of the hopping filter is to reduce the broadband noise component of the transmitted signal from the radio. This is particularly important for the Have Quick Receiv& Funcnon These amplifier I-dB compression and third order intercept points are sufficiently large to allow multiple signals to be amplified without generating significant intermod (1M) products, as statistically there can be more than one signal in one path at· one time when all radios are operating.
The second bank of band pass filters prevents the signals from going back into the circuits. The prevention of back 1M products is an important feature of the architecture. Only the path going to the antenna has impedance which matches the rest of the circuit. Simulations and tests on the prototypes indicate that the total insertion loss is no more than 2 dB per signal at the center frequency of each of the sub-bands. At the frequencies that mark the transitions between sub-bands the insertion loss is somewhat larger, 5 to 9 dB, but occupy less than 6 MHz total across all of the band (3.4% of the UHF frequencies available). Research is being done to reduce this insertion loss to a maximum of 5 dB.
RESULTS
The CLIC / CLAC solution as compared to VHF baseline is shown in the Figure 5 . Measurements of SINCGARS systems operation onboard LHD-6 while using the legacy RF distribution system (TD-1456) is shown. The pass-fail criteria is a Bit Error Rate (BER) less than 10%. The first three lines (brown, purple and yellow) are the results ofSINCGARS hopping on two
The features, advantages, and benefits of the technology are that CLIC / CLAC will enable full utilization of the communications systems on platforms without EMI limitations that require existing communications to only transmit in fixed tune modes. 0.000 + ---, ----. , . ---. , . . _ _ -. , . ----r ----, . ----, . . -------4 o Number Up to twenty-four signals, each with a transmit power from 100 mW to 1 W then go into a combiner. Up to 90% of the power can be lost in the combining. Since the combining occurs at low power, the total loss is small. The combined signal is then separated into ten (VHF) to sixteen (UHF) contiguous pass-band paths. The physical mechanism for the separation is the dependence on frequency of the impedance. A band pass filter has impedance that matches that of the rest of the circuit only for a small percentage of the center frequency. The intended signal follows the path of least resistance. An out-of-band signal meets a large impedance.
A highly linear amplifier then increases the power to 80 W in the VHF band or 158 W in the UHF band. background environment level). When one interference transmitter is brought on-line there is interference (crosses the blue 10 % BER line) when priorities are set to worst case. In no case, at this priority setting can more than two frequency hopping SINCGARS be in operation on the same platform at the same time. The lowest line (green line) is the CLIC / CLAC. This shows that up to eight frequency hopping SINGCARS can be in simultaneous operation without causing interference (there are 16 SINCGARS on LHA-8, worst case is each of them operating in relay mode, which means that only eight transmitters will be operating at anyone time). These measurements were also performed with the radios operating at 100% duty cycle. Worst case relay duty cycle in the field is approximately 30%.
The range reduction associated with this reduced BER that the legacy system experiences is shown in Figure 6 . The impact on UHF is even more dramatic, as operation ?f a single HQ in hopping mode on most Navy ships Interferes with the majority of the other UHF circuits. This EMI is due to both the broadband noise of the HQ signal and the generation of 1M products. CLIC / CLAC prototypes in the UHF band have been developed and component testing has been completed. Full scale tests in a representative shipboard environment will be conducted in Charleston, SC in December 2008.
CONSEQUENCES
A large ship such as a CVN or LHA requires the transmission of dozens of signals in the 30 to 400 MHz range. An LHA with 16 SINCGARS radios and the legacy VHF RF distribution system uses four multicouplers and is limited to no more than one hopping radio in anyone multicoupler. A CVN with the 36 UHF radios will use nine of the UHF multi-couplers, each of which weighs 240 pounds. Each of the UHF radios will have a high power amplifier that weighs 35 pounds. The CLIC / CLAC prototype weighs less than one-quarter of the legacy multi-couplers and amplifiers needed (two of the UHF CLIC / CLAC systems would be needed for a CVN). The necessary space in the radio room decreases accordingly. Simulations, backed by prototype hardware development, indicates that the amount of ship's power required is also reduced.
The primary advantage is one of capability. The use of frequency hopping signals is restricted due to the rise in mutual interference with other VHF and UHF systems.
The CLIC / CLAC system shows promise to remove many of these restrictions. By localizing and mitigating the interference caused by frequency hopping signals, more will be used. This should cause a significant increase in capability. The CLIC / CLAC system will decrease the ability of hostile forces to jam communications by the U.S. Navy and allow U.S. Navy ships to operate more effectively with Joint and Coalition Forces.
